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Abstract 
LATE PLEISTOCEBE SCIURIDS FROM KOKOVEEF CAVE 
by 
H. Thomas Goodwin 
Three local (Tamias panamintinus, Ammospermophilus 
leucurus and Spermophilus variegatus) and five extralocal 
(Tamias minimus, Tamias palmeri, Marmota flaviventris, 
Spermophilus townsendii, and Spermophilus lateralis) sciurid 
species (Sciuridae) were identified from the late 
Pleistocene-early Holocene Kokoweef Cave paleofauna. This 
fauna was the first 
and S. towns end ii 
documentation of 1· minimus, 1· palmeri 
from the Pleistocene of the Mohave 
Desert. The 30-ft sedimentary sequence apparently recorded 
the mid- to late-Wisconsinan introduction of ~· lateralis 
into the Kokoweef fauna but otherwise documented general 
taxonomic stability. The ecological diversity of the fauna 
was consistent with--but did not require--the hypothesis of 
more equable late Pleistocene climates, and the dominant 
taxa (~. townsendii, M. flaviventris and ~· lateralis) 
suggested a complex local habitat suite dominated by 
high-elevation montane woodlands 
woodlands possibly with stands of 
and mid-elevation xeric 
sagebrush. Local xeric 
taxa were rare or absent. All three dominant extralocal 
sciurids occurred above a level associated with an early 
Holocene date (9830 +/- 150 YBP) indicating their local 
persistence through the significant climatic and 
vegetational changes that occurred around 11,000 YBP. They 
may have suffered local extinction during the further 
climatic changes at about 8,000 YBP which led to the 
implacement of present desert communities. 
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Mammal communities in the late Pleistocene Southwest 
were different from those in the present. Numerous large 
herbivore and carnivore taxa, now extinct, roamed many of 
the present deserts. Furthermore, extant species formed 
assemblages no longer found in the Southwest. Many taxa 
occurred at lower elevations or more southerly latitudes 
than at present. 
My study attempts to increase our understanding of the 
distribution and ecology of squirrels during and since the 
late Pleistocene in the Mohave Desert. Specifically, I have 
studied the squirrels from a stratified cave deposit in the 
eastern Mohave Desert and have attempted to reconstruct the 
history of the local squirrel fauna. 
Pleistocene•Holocene boundary. 
The deposit spans the 
To set a framework for my study, I will discuss 
several pertinent topics. First, I review what is known 
about late Pleistocene and early Holocene climate, 
and biogeography in the Southwest. Second, I 




southwestern sciurids. Third, I consider the special 
concern of cave paleontology: 
disadvantages and limitations? 
1 
What are its advantages, 




Paleobotanical evidence for a significantly different 
late Pleistocene climate is compelling. The evidence comes 
from the study of pollen spectra and ancient woodrat 
middens. 
Pollen studies can suggest the general nature of past 
vegetation by revealing the relative amounts of pollen from 
different taxa. These studies can document changes in 
regional vegetation through a more or less continuous time 
interval, provided an adequate sedimentary sequence is 
available. However, pollen analysis has several 
liabilities. First, specific (sometimes even generic) 
identification may be impossible in some families. Second, 
the local vegetational patterns will likely be swamped by 
the regional windblown pollen element (Wells, 1976). Martin 
and Mehringer (1965) summarized much of the then-available 
pollen data from the Southwest and inferred a more mesic 
late Pleistocene climate. 
Ancient woodrat middens provide a much more precise 
record of past vegetation in the Southwest. This unique 
paleoecological tool results from the fortuitous 
inter-section of woodrat behavior and southwestern climate. 
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Woodrats (genus Neotoma) are incessant collectors. 
They will pick up twigs, small bones, or other moveable 
objects to use in the construction of their lodges (Wells, 
1976). Since these animals rarely move far from home 
(Bleich and Schwartz, 1975), the materials they collect 
represent objects found very close to the lodge. Apparently 
woodrats will collect twigs from most plants in the 
vicinity; their collections even seem to preserve the 
general pattern of relative abundances. At one site the 
analysis of woodrat middens provided a better inventory of 
the local flora than a survey by botanists (Wells, 1976)! 
Refuse heaps of discarded twigs, fecal pellets and the 
like are often indurated by the woodrat•s viscous urine into 
middens. If the climate is very dry and the midden was 
formed in a protected area such as a cave or rock shelter, 
the midden may last for thousands of years. Middens dated 
by radiocarbon methods give ages of greater than 40,000 
radiocarbon years before present (YBP) (Wells and Jorgensen, 
1964). They generally contain a well-preserved inventory of 
the local flora at the time of formation. 
Since the first study of ancient woodrat middens was 
reported (Wells and Jorgensen, 1964), many similar studies 
have been done across the Southwest. Gradually, a body of 
data has accumulated making possible the reconstruction of 
late Pleistocene vegetation and the change to modern desert 
floras (Van Devender and Spaulding, 1979). Most studies 
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have documented generally stable regional vegetation 
between 22,000 and 11,000 YBP. 
A prominent feature of late Pleistocene vegetation in 
the Southwest was the broad distribution of juniper 
(Juniperus sp.) and pinyon (Pinus sp.)-juniper woodlands. 
Montane forests were also more widespread and occurred at 
lower elevations than at present. 
In the Chihuahuan Desert of eastern Texas and southern 
New Mexico, pinyon and juniper were associated with present 
desert xerophytes at elevations 800 meters (m) lower than at 
present (Wells, 1966). A similar downward displacement of 
montane woodlands was documented at some (Van Devender and 
Spaulding, 1979) but not all (Wells, 1966) late Pleistocene 
sites from the Chihuahuan Desert. Low-elevation xeric 
woodlands remained locally as recently as 10,500 YBP (Van 
Devender and Everitt, 1977). 
The late Pleistocene vegetation of the florally-complex 
Grand Canyon region has been well documented. In the lower 
reaches of the canyon, a xeric juniper woodland occurred 
340-465 m lower than at present (Van Devender and Mead, 
1976); another study documented a woodland depression of 
around 1000 m (Phillips and Van Devender, 1974). Again, 
these paleocommunities contained many present desert 
dominants as well as woodland taxa. Higher elevations in 
the eastern part of the Canyon supported montane woodlands 
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with affinities to present woodland associations in northern 
Utah (Cole, 1982). 
Late Pleistocene vegetational communities of the 
low-elevation Sonoran Desert were similar to 
contemporaneous communities in the lower Grand Canyon {Van 
Devender, 1977; King and Van Devender, 1976). Juniper 
woodlands were present at very low elevations, and pinyon 
pine occurred at a record low elevation (for this latitude) 
of 510 m in the Whipple Mountains of southeastern California 
(Van Devender, 1977). High desert or Great Basin dominants 
such as big sagebrush (Artemisia tridentata Nutt.), 
shadscale (Atriplex confertifolia Wats.), and Joshua tree 
(Yucca brevifolia Engelm) occurred throughout the Sonoran 
Desert. Joshua tree extended nearly to the Mexican border, 
far south of its present lower latitude (Van Devender and 
Spaulding, 1979). 
Pinyon-juniper woodlands (Pinus monophylla Torr. & 
Frem. and Juniperus osteosperma Little, respectively) were 
also widespread at mid-elevations (550-1550 m) across the 
Mohave Desert with juniper extending significantly lower 
than pinyon (Van Devender and Spaulding, 1979). A 
pinyon-juniper woodland was present as low as 530 m in the 
Turtle Mountains of the southeastern Mohave (Wells and 
Berger, 1967). In the southwestern Mohave, pinyon was 
found with juniper at 1200 m, though juniper occurred alone 
to 1000 m or lower (King, 1976). Interestingly, pinyon was 
6 
not found below 1500 m in the northeastern Mohave though 
juniper extended as low as 1100 m (Wells and Berger, 1967; 
Van Devender and Spaulding, 1979). Some of the records for 
juniper woodlands in the northeastern Mohave were a full 600 
m below present lower limits. The occurrence of pinyon at 
low~r elevations in the southern than the northern parts of 
the Mohave seems anomalous. However, a similar pattern is 
evident today and may be related to the massive rain shadow 
cast by the Sierra Nevada range to the north (Wells and 
Berger, 1967). 
Montane woodlands also occurred at lower elevations 
than at present in the Mohave Desert. A midden at 1910 m 
on Clark Mountain recorded a montane forest of bristlecone 
pine (Pinus longaeva Bailey), limber pine (Pinus flexilus 
James), white fir (Abies concolor Lindl), and pinyon pine 
as recently as about 23,000 YBP. A xeric pinyon-juniper 
woodland is now found at this locality. 
from the same site but with a date of 12,400 
documented a similar forest without the 
Another midden 
+/- 190 YBP 
bristlecone 
(Mehringer and Ferguson, 1969). Bristlecone and limber 
pine are no longer found on Clark Mountain, and white fir 
is limited to a relictual stand in a unique mesic habitat 
higher on the mountain. A similar montane community 
occurred in the Sheep Range of southern Nevada with white 
fir, limber pine, and juniper associated together at 1800 m; 
the same taxa occurred at 1980 m, along with bristlecone 
pine (Spaulding, 1977). 
500-600 m for some taxa. 
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These yield depression estimates of 
A general feature of late Pleistocene vegetation, at 
least at lower elevations, was the unique association of 
woodland taxa with xeric desert taxa. Apparently, species 
responded as individuals to the late Pleistocene climate. 
Higher elevation assemblages may have represented displaced 
intact communities more closely, though not completely. 
Cole (1982) suggested latitudinal displacement to explain 
the assemblages in the eastern Grand Canyon. Simple 
elevational displacement does not seem an adequate 
explanation in any study. These observations encourage 
caution in the interpretation of paleofloras. 
Since the late Pleistocene vegetation was so different 
from the present, when did the change to current desert 
floras occur? A cluster of changes apparently occurred 
around 11,000 YBP. Pinyon disappeared from the displaced 
xeric woodlands, montane forests retreated to higher 
elevations, and many cold-desert species 
the low Sonoran Desert (Van Devender and 
disappeared from 
Spaulding, 1979). 
However, widespread juniper woodlands remained until around 
8000 YBP, at which time the present dominants established 
themselves (Van Devender, 1977; Wells and Hunziker, 1976). 
Though this picture seems to hold generally, some studies 
have indicated that the change was more gradual and over a 
longer period of time (Cole, 1982). 
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Mammal Distributions 
Late Pleistocene mammal communities across the United 
States also reflected a different climate. Excellent 
studies have been done on mammal faunas from the Northwest 
(Lyman and Livingston, 1983) and East (Graham, 1976; 1984), 
and Harris (1985) has recently summarized the western 
faunal data. In the Southwest, large 
carnivore taxa continued up to the end of 
herbivore and 
the Pleistocene 
and then suddenly met their demise for reasons that are 
still not entirely clear (Martin and Wright, 1967). 
Furthermore, many extant boreal and steppe species were 
distributed much more widely. 
Though the record is not as complete for the fauna as 
for the flora, enough is known to suggest some distribution 
patterns. The most complete record is from the Grand Canyon 
region and has been summarized by Mead (1981a). The local 
fauna for much of the late Pleistocene was characterized by 
a mixture of local, extant extralocal, and extinct taxa. In 
the Sciuridae, for example, the local antelope ground 
squirrel (Ammospermophilus leucurus) and rock squirrel 
(Spermophilus variegatus) were found in the inner gorge 
alongside the yellow-bellied Marmot (Marmota flaviventris), 
a species no longer found in Arizona and favoring montane 
habitats in Nevada. Other extralocal taxa included the 
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muskrat (Ondatra zibethicus) and a vole (Microtis sp.). 
Several large extinct herbivores were also present. 
Another well-studied site is at Smith Creek in the 
Snake Range of eastern Nevada (Mead et. al., 1982), just 
north of my area of interest. Significant extralocal taxa 
included two ground squirrels, Spermophilus richardsonii and 
~· beldingi, the heather vole, Phenacomys cf. intermedius, 
and the pika, Ochotona princeps. This was the first late 
Pleistocene record of the heather vole in the Great Basin. 
It is presently an inhabitant of grassy meadows in montane 
forests. The two extralocal ground squirrels similarly 
prefer montane meadows though ~· richardsonii sometimes 
colonizes more xeric habitats. Local sciurid taxa from the 
fauna included two chipmunks, the least chipmunk (Tamias 
minimus) and Uinta chipmunk (Tamius umbrinus), antelope 
ground squirrel, Townsend's ground squirrel (Spermophilus 
townsendii), rock squirrel, golden-mantled ground squirrel 
(Spermophilus cf. lateralis), and marmot. The marmot is 
presently restricted to higher elevations in the Snake 
Range. 
Montane and Great Basin taxa also occurred in the 
Mohave Desert during the late Pleistocene. 
present as low as 530 m at Rampart Cave, 
Marmot was 
northwestern 
Arizona (Wilson, 1942), and was found at 1210 m in 
southwestern Nevada (Wells and Jorgensen, 1964). A fauna 
from Tule Springs, Nevada, elevation 700 m, did not contain 
marmot 
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but did have the sagebrush rabbit (Sylvilagus 
idahoensis) and the California vole (Microtus californicus). 
These taxa were considerably south of their current ranges 
(Mawby, 1967). 
Marmot was found at an elevation of 1550 m in Mescal 
Cave, a site in the eastern Mohave of California 
(Brattstrom, 1958), along with pika and golden-mantled 
ground squirrel. .These taxa also occurred in the vicinity 
of Kokoweef Cave (this report) together with Townsend's 
ground squirrel, least chipmunk, Panamint chipmunk (Tamias 
panamintinus), Palmer's chipmunk (Tamias palmeri), rock 
and antelope ground squirrel. Only rock squirrel, 
squirrel, antelope ground squirrel and Panamint chipmunk 
are currently extant locally. 
Climate 
That late Pleistocene climate was different from the 
present climate is obvious from the above data. Other data 
are corroborative, such as evidence of depressed snow lines 
and large lakes in the present deserts. Pl UV ial Lake 
Lahontan in northwestern Nevada, for example, covered an 








However, students of 
about the nature of the 
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Based primarily on floral studies, Van Devender and 
Spaulding (1979} argued for a climate with milder, wetter 
winters and cooler summers. The presence of woodland taxa 
at lower elevations or more southerly latitudes than at 
present suggests more mesic conditions. Many of the taxa 
with expanded ranges now inhabit regions with winter 
precipitation maxima. This suggests that a winter 
precipitation regime may have been more widespread at that 
time. As we have noted throughout, however, xeric adapted 
desert tax a inhabited these woodlands alongside the more 
me sic taxa. In fact, some cold desert tax a actually 
expanded their ranges northwards or higher elevationally. 
These data suggest that winters were mild enough to support 
xeric-adapted plants. 
Other workers have reached different conclusions. 
Brakenridge (1978) offered a model which postulated colder 
winter or annual temperatures (7-8 C cooler) along with a 
drier moisture regime. This model was primarily based on 
estimates of snowline and timberline depression and did not 
seem to adequately deal with paleobotanical data. 
Cole (1982) also argued for cooler year-round 
temperatures and suggested that precipitation was probably 
similar to present values, though more concentrated in the 
winter. He developed his model to explain the late 
Pleistocene plant community in the higher elevations of the 
Grand Canyon. Cole suggested that a major climatic boundary 
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may have separated the high and low elevation habitats. The 
low elevation woodlands could have had the moist, equable 
climate postulated by Van Devender and Spaulding (1979) 
whereas higher elevation habitats were dominated by colder 
regimes. 
FACTORS IN THE DISTRIBUTION OF EXTANT SCIURIDS 
To interpret late Pleistocene sciurid assemblages 
perceptively, an understanding of factors influencing modern 
distributions is required. I am primarily concerned with 
parameters which are significant for ground squirrels. 
Ecological and Ecophysiological Factors 
Though habitat and climate are obviously important in 
squirrel distribution, it is often difficult to isolate the 
limiting habitat characteristic. Species may be 
physiologically able to live in a variety of habitats but be 
constrained by interspecific competition to a subset of 
these. For example, Spermophilus mohavensis and 
Spermophilus tereticaudus are closely-related taxa with 
similar habitats and ecological roles in the Mohave Desert. 
Their ranges, however, do not overlap significantly, 
apparently due to competetive interaction along the narrow 
zone of sympatry (Hafner and Yates, 1983). 
Substrate is important for ground squirrels since most 
are subfossorial. For example, rock squirrels inhabit 
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rocky canyons and mountain sides whereas round-tailed ground 
squirrels (S. tereticaudus) are restricted to windblown 
sands of the desert (Ingles, 1965; Johnson et al., 1948). 
Many taxa tend to be found associated with certain 
types of vegetation. This habitat preference is not always 
obligate, as is indicated by the presence of montane mammals 
in xeric woodlands of the late Pleistocene Southwest, so 
caution in environmental extrapolation from mammalian faunas 
should be exercised. 
Since temperature and moisture conditions may require 
specialized adaptations (hibernation, estivation, or water 
conservation techniques), these factors may influence 
distributions significantly. The antelope ground squirrel, 
for example, is designed for his life in the desert (Ingles, 
1965) and probably could not survive in extremely cold 
habitats. Apparently, the seasonality of precipitation is 
important in the distribution of the marmot (Harris, 1970). 
Because it hibernates and requires green fodder, sufficient 
green matter must be available in the Spring. Winter 
precipitation is therefore crucial. 
Historical Factors 
The "historyn of a taxon and its environment has a 
direct causal bearing on its present distribution. For 
example, a species with a long phylogenetic history in a 
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given environment may overspecialize and be unable to cope 
with climatic change. 
The tectonic and climatic history of a region is also 
very important in determining species distributions. 
Excellent studies in the southern United States (Blair, 
1958) and the northern Great Plains (Hoffman and Knox 
Jones, 191-0) examine the relationship between past climate 
and modern faunas. In the Southwest, this relationship is 
most clearly seen in the distribution of boreal mammals. 
The disjunct distribution of many taxa, such as the 
golden-mantled ground squirrel or Uinta chipmunk (see Hall 
1981:365, 409), would 
understanding of the 
vegetational changes. 
be totally inexplicable without an 
late Pleistocene climatic and 
Essentially, these isolated montane 
populations represent islands which were connected in the 
late Pleistocene by vegetational "bridges". 
Brown (1971, 1978) studied boreal mammal distribution 
in the Great Basin and noted that once these mountain 
"islands" have formed, species diversity of the 
montane mammalian faunas will tend towards zero. 
isolated 
This is 
because immigration of montane mammals is 
nonexistent (with the exception of bats). 
essentially 
The rate of 
decrease in species diversity is inversely related to 
islana size--the larger the island, the longer it will take 
for species diversity to reach zero. This pattern is 
apparently related to habitat diversity and population size. 
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Consequently, present distribution of boreal mammals in the 
Southwest is in part a function of the time lapse since the 
Pleistocene. 
Why mammal species are distributed as they are is 
obviously very complex. Caution must be exercised in 
interpretations of past faunas. It is probably safer to 
interpret mammal paleofaunas in light of climatic models 
rather than to work the other way around. 
CAVE PALEONTOLOGY: SPECIAL CONCERNS 
The immediate context of the fossils in this study is a 
cave. Caves faunas are unique and may require careful 
stratigraphic and taphonomic analysis. This analysis 
frequently pays off, however, since cave faunas are 
typically very rich in fossil material. 
Stratigraphy and Taphonomy of Cave Deposits 
Cave deposits are usually complex stratigraphically. 
Many caves are accessed from above, and the input of 
sediment frequently results in cone-shaped deposits with 
sloping strata. Careful attention to stratigraphic detail 
is required with these deposits if the fauna is to be 
interpreted accurately. Strata may also be mixed by water 
action or by burrowing and trampling of cave dwellers 
(Sutcliffe et. al., 1976). Interpretive problems are 
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minimized in deep, vertical, narrow fissures such as 
Kokoweef where lateral mixing and biological acivity will be 
minimal. 
Further concern lies in the taphonomic history of the 
cave paleofauna. Fossil specimens may represent cave 
dwellers, animals who fell into the cave (natural traps such 
as deep vertical fissures), specimens washed in, or 
organisms brought into the cave by predators or collectors. 
Extralocal taxa may be introduced into the paleofauna by 
wide-ranging predators, particularly raptors. Certain owl 
species frequent cave openings as roosts, and 
microvertebrate collections are often the 
pellet accumulation over time (Brain, 1981). 
result of owl 
This must be 
recognized when interpreting cave paleofaunas ecologically. 
Other organisms may also be implicated in local cave 
faunas, especially woodrats (Neotoma spp.) and small 
mammalian carnivores (e. g., Bassariscus astutus) (Mead, 
1981b). These collectors sample a rather local area so 
should not negatively affect paleoecological precision. 
Diversity of Cave Paleofaunas 
The activity of biological collectors or predators in 
the history of a paleofauna, though possibly causing 
taphonomic mixing of ecologically distinct faunas, also 
contributes to the success of cave paleontology since a 
concentration of specimens is likely. Cave paleofaunas are 
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among the most diverse naturally-occurring fossil deposits. 
Work at Clark Cave in the mountains of Virginia, for 
example, recovered material from nearly 5000 individuals 
representing 142 vertebrate taxa (Guilday et. al., 1977). 
This volume of material can make possible analyses of 
average sizes of species and relative abundances. Regional 
faunas and suggestive ecological relationships may be 
reconstructed. If the cave is stratified, changes in 
relative abundances may record changes in the local 
population through time. An excellent study on insectivore 
variation through a stratified cave sequence in Tennessee 
provided both faunal and climatic information (Klippel and 
Parmalee, 1982). Guilday (1969) 
stratified cave from the Idaho, 
change in the sciurid fauna from 
analyses can seldom be done with 
due to insufficient sample size. 
noted faunal changes in a 
and this paper reports 
Kokoweef. These types of 
other types of paleofaunas 
The abundant material and stratified context of the 
Kokoweef Cave fauna should make it the most significant 
paleofauna yet discovered in the Mohave Desert region. 
This paper is just the commencement of what promises to be 
a rich contribution to our understanding of late 
Pleistocene zoogeography, paleoecology and climate. 
CHAPTER 2 
LATE PLEISTOCERE SCIURIDS FROM 
KOKOVEEF CAYE 
Late Pleistocene mammal communities of the Mohave 
Desert were associations of extinct, extant local and extant 
extralocal taxa. Much attention has been given to the late 
Pleistocene megafauna and the problem of its extinction 
(Martin and Wright, 1967), but the paleoecologically 
significant small mammal record for the Mohave Desert 
remains poorly understood. The most complete local record 
to date is from Daggett Solid Waste site in the low-lying 
central Mohave (Reynolds and Reynolds, 1985) which contains 
local and extralocal 
(Downs et. al., 1959) 
contain few small taxa. 
elements. Sites from the western 
and eastern (Mawby, 1967) Mohave 
An extremely rich cave paleof auna from Kokoweef Cave 
promises to provide the first detailed picture of the late 
Pleistocene small mammal fauna from the eastern Mohave 
Desert. Thousands of vertebrate specimens were collected 
from a 30-ft (9.1 m) depositional sequence, making possible 
both community reconstruction and an analysis of faunal 
change through the sequence. Only the lizard fauna from 
Kokoweef has previously been reported (Norell, 1986). This 
paper reports the squirrels (Family Sciuridae) identified 
in the cave paleofauna and the history of the local sciurid 
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fauna as recorded in the sequence. 
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Faunal data are 
compared with a partial pollen profile from the cave and 
with regional late Pleistocene vegetational patterns. 
SITE DESCRIPTION 
The Cave 
Kokoweef Cave is a deep solution fissure at or near the 
juncture of the Devonian Sultan and Mississipian Monte 
Cristo limestones located on Kokoweef Peak in the Ivanpah 
Mountains of northeast San Bernardino County, 
35°25' latitude and 115°30' longitude. The 2 
California, 
m by m 
natural entrance occurs at an elevation of 1770 m on the 
western slope of the 1840 m peak. It leads into a 
steeply-sloping, rock-strewn chamber which abruptly drops 
into a nearly vertical pit about 35 m from the entrance. 
The bottom 13 m of the 25 m deep pit was filled with 
fossiliferous, westward-dipping, stratified sandy sediment 
underlain by non-fossiliferous red clay. 
Extant local vegetation and sciurids 
Joshua tree (Yucca brevifolia Engelm.) and sagebrush 
(Artemisia tridentata Nutt.) dominate adjacent alluvial 
plains north and west of the peak. Scattered juniper 
(Juniperus osteosperma Little) and occasional pinyon (Pinus 
monophylla Torr. & Frem.) occur on the peak itself and in 
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protected canyons slightly lower. Dominant local sciurids 
are Ammospermophilus leucurus (antelope ground squirrel) 
and Spermophilus variesatus (rock squirrel). Tamias 
panamintinus (Panamint chipmunk) occurs in denser 
pinyon-juniper stands. Spermophilus tereticaudus 
(round-tailed ground squirrel) occurs in hot wind-blown 
sand habitats a few miles away (Johnson et al., 1948). 
METHODS 
Collection, Isolation and Curation of Specimens 
Samples of fossil-bearing matrix were collected under 
the supervision of Robert Reynolds of the San Bernardino 
County Museum (SBCM) d~ring a private gold mining operation 
--prompted by local legend of an underground, gold-rich 
river--in 1972-73. Collection began at the 11 ft (3.35 m) 
level (measurements used in this paper to describe relative 
position of fossil specimens indicate distance below a 
mining trestle which was constructed near the top of the 
sedimentary section) and continued to the 40 ft (12.2 m) 
level. All samples below level 14 (4.26 m) were taken from 
along the west wall of the pit, so the sampling of 
significantly diachronous strata at each interval was 
minimized. Samples were screen washed through 20-mesh, and 
fossil specimens were retained. The specimens were 
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categorized according to the one-foot (.305 m) increment 
from which they were collected and stored at SBCM. 
Identification of Sciurids 
All skulls, fourth premolars and molars, and 
mandibular and maxillary fragments of the Family Sciuridae 
were isolated from the collection at each level. Incisors, 
third premolars and post-cranial material were not examined 
in this study. Identifications were based on qualitative 
and quantitative comparison with modern specimens with 
reference to identification criteria outlined by Hall (1981) 
and Bryant (1945). Necessary measurements were made with a 
calibrated ocular micrometer (all isolated teeth and 
Tamias tooth rows) or a dial calipers '(tooth rows for 
other taxa) and followed the procedure outlined by Black 
(1963). Initial species 
skulls, maxillae and upper 
and lower dentition were 
identifications were made on 
dentition •. Mandibular fragments 
typically found to be less 
diagnostic and were generally 
previously-identified taxa. 
assigned to one of the 
Sample Size Calculations 
Total number of specimens (n) and minimum number of 
individuals (MNI) for each taxon were calculated at each 
level. MNI calculations were based on the most frequent 
dental, mandibular or maxillary element for a taxon at each 
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level. In cases where several levels were combined to 
achieve more adequate samples, the levels were assumed to 
be independent and MNI for the total section was figured by 
adding MNI values for each individual level. Relative 
frequency (rf) was based on % of n referred to a given 
taxon. Chi-square tests for nonrandom changes in frequency 
of n and MNI between grouped levels (11-23, 
28-30, 30-40) were done for dominant taxa. 
Other Methods 
23-24, 24-28, 
A wood sample from level 20.5 (6.25 m) and bone samples 
from several other levels were selected for radiocarbon 
analysis. Only the wood sample proved dateable. 
Sedimentary samples from various levels were selected for 
pollen analysis during excavation. 
processed by R. Biaggi of Loma Linda 
partial pollen profile constructed. 
RESULTS 
Several of these were 
University and a 
965 specimens representing 8 sciurid species were 
identified as specifically as possible. 
specimens were from levels 22-24 (6.71-7.32 
Over half of the 
m) (Table 1). 
Most levels below 24 were represented, but the section from 
11 to 22 (3.35-6.71 m) was poorly represented. A 
radiocarbon date of 9830 +/- 150 YBP (Beta-Analytic lab.no. 
Beta-2155) from 20.5 (6.25 m) suggested a late Pleistocene 
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through earliest Holocene time span for the faunal sequence. 
All 8 species were represented at level 23-24 (7.01-7.32 m) 
and apparently lived concurrently in the vicinity of 
Kokoweef. 
Sciurid Taxa 
Systematic order and nomenclature follow Hall (1981) 
with the exception of chipmunks, where nomenclature follows 
Nadler et. al. (1977). 
Tamias minimus (Bachman) (Least chipmunk) 
Referred material. 3 R maxillae; L maxilla; 2 LP4; 4 
RM1-2; 4 LM1-2; 2 RM3; LM3; 3 R mandibles; 3 L mandibles; 2 
Rm 1 - 2; 3 Rm3; 2 Lm3. n = 3 0; MN I = 9 • 
Remarks. The range in size of chipmunk specimens from 
indicated the probable presence of three 
The smaller specimens were referred to 
the paleofauna 
species (fig. 1). 
Tamias minimus, the least chipmunk. These averaged 
slightly larger than examined modern X· minimus specimens 
but were generally too small to be referred to any other 
chipmunk species. This is not surprising since the least 
chipmunk is widespread geographically and variable in size. 
X· minimus was previously reported from late Pleistocene 
sites in the Great Basin (Mead et. al., 1982; Guilday, 
1969) but not from the Mohave Desert. The nearest extant 
population is about 240 km north-northeast of Kokoweef. 
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Tami as Cf. panamintinus (Merriam) (Panamint 
chipmunk) 
Referred material. 1 palate with R and L tooth rows; 2 
R maxillae; L maxilla; RP4; 2 LP4; 5 RM1-2; 4 LM1-2; RM3; 2 
LM3; 5 R mandibles; 2 L mandibles; 3 Rm1-2; 2 Lm1-2; Rm3. n 
= 32; MNI = 10. 
Remarks. Many specimens were significantly larger than 
I· minimus and represented an intermediate-sized species. 
These were referred to Tamias panamintinus which remains 
locally extant and is similar in size to the fossil 
specimens (fig. 1). The closely-related I· dorsalis (cliff 
chipmunk) is similar in size to I· panamintinus but 
averages larger and does not fit the fossil data as well. 
Tamias minimus or I· cf. panamintinus 
Referred material. R maxilla; 4 L maxillae; 2 LP4; 
4RM1-2; 10 LM1-2; 2 RM3; LM3; 2 R mandibles; 2 L mandibles; 
2 Rp4; Lp4; 8 Rm1-2; 4 Lm1-2; 2 Rm3; Lm3. n = 46; MNI = 12. 
Remarks. Numerous specimens could not be assigned 
with certainty to either of the above species because of 
possible size overlap. Many of these closely resembled 
large individuals of I· minimus in size. 
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Tamias cf. palmeri Merriam (Palmer's chipmunk) 
Referred material. 2 R maxillae; L maxilla; RP4; 
RM1-2; LM3; R mandible; L mandible; Rp4; 2 Rm1-2; Rm3. n = 
12; MN! = 5. 
Remarks. These specimens obviously represented a large 
chipmunk species and were referred to Tamias palmeri, a 
large chipmunk currently restricted to the Spring Mountains 
of southern Nevada about 90 km north-northeast of Kokoweef. 
The assignment was based on size and geographic proximity. 
Other large chipmunks (e. g., I· merriami and I· obscurus 
of the San Bernardino Mountains of California) occur west of 
the Mohave Desert, but there is no evidence of easterly late 
Pleistocene dispersal across the Mohave. I· umbrinus, a 
moderately large chipmunk once thought to be closely 
related to I· palmeri (see Levenson et. al., 1985), appeared 
too small to account for large fossil specimens. 
Tamias cf. panamintinus or T. cf. palmeri 
Referred material. L maxilla; RP4; 3 RM1-2; LM1-2; L 
mandible; 2 Rm1-2; 6 Lm1-2; Rm3. n = 16; MNI = 8. 
Remarks. These specimens were intermediate in size 
between large panamint chipmunks and small Palmer's 
chipmunks and could not be referred to either. 
Marmota flaviventris Audubon and Bachman 
(Yellow-bellied marmot) 
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Referred material. 4 skulls; 19 R maxillae; 14 L 
maxillae; 
LM3; 9 
20 RP4; 18 LP4; 34 RM1-2; 31 LM1-2; 19 





Rm1-2; 26 Lm1-2; 8 Rm3; 9 Lm3. n = 278; MNI = 46. 
Remarks. Marmota flaviventris was readily identifiable 
based on size and cranial morphology. It was the most 
frequently represented sciurid in the paleofauna (n = 278, 
rf = .288) and was dominant throughout the sequence, though 
it currently favors (but is not restricted to) 
high-elevation montane habitats at this latitude. The 
nearest extant population occurs in the southern Sierras 
over 150 km to the west (Hall, 1981:373). However, marmot 
was widespread throughout the Southwest during the late 
Pleistocene. In the Mohave it was previously reported from 
the Spring Mountains of Clark County, Nevada (Mehringer and 
Ferguson, 1969; Van Devender and Tessman, 1975); from the 
lower Grand Canyon (Van Devender et. al., 1977), which may 
be considered an eastern extension of the Mohave; and from 
Mescal Cave (Brattstrom, 1958) and the Providence ·Mountains 
(Wilson, 1942) in San Bernardino County, California. These 
latter two sites are close to Kokoweef, so it was not 
surprising to find marmot here. 




Referred material. Skull; L maxilla; RP4; LP4; 2 
RM1-2; LM1-2; R M3; Rm1-2; Lm1-2; 2Rm3; 3Lm3. n = 15; MNI = 
8. 
Remarks. Size and morphology distinguished A. leucurus 
from all other local sciurids. It was uncommon (rf = .016) 
but present more or less throughout the sequence. The 
antelope ground squirrel is presently the dominant local 
sciurid. A. leucurus had previously been found at several 
late Pleistocene sites, sometimes in association with 
montane taxa (Van Devender et. al, 1 9 7 7 ; Mead et • al • , 
1982). 
Spermophilus townsendii Bachman (Townsend's ground 
squirrel) 
Referred material. Skull; 13 R maxillae; 13 L 
maxillae; 10 RP4; 15 LP4; 36 RM1-2; 36 LM1-2; 5 RM3; 11 
LM3; 4 R mandibles; 7 L mandibles; 10 Rp4; 12 Lp4; 42 
Rm1-2; 34 Lm1-2; 8 Rm3; 8 Lm3. n = 265; MNI = 44. 
Remarks. A well-preserved skull and numerous maxillae 
(some with teeth) made the identification of S. townsendii 
certain. Townsend's ground squirrel was very abundant in 
the paleofauna (rf = .275) and was important throughout the 
sequence. The closest extant population is about 150 km to 
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the north-northeast in southern Nevada. This species is 
presently widespread throughout the sagebrush and saltbush 
(Atriplex sp.) - greasewood [Sarcobatus vermiculatus (Hook.) 
Torr.] communities of the Great Basin region (Hall, 
1981:383) and may range into xeric pinyon-juniper woodlands 
(Hall, 1946). s. townsendii had been reported from late 
Pleistocene sites within its current range in southern 
Idaho (Guilday, 1969) and eastern Nevada (Mead et. al., 
1982) but not previously from the Mohave Desert. 
Spermophilus variegatus (Erxleben) (Rock squirrel) 
Referred material. LP4; 3 RM1-2; 4 LM1-2; 2 LM3; R 
mandible; 2 L mandibles; Lp4; 2 Rm1-2; Lm1-2; 2 Rm3; Lm3. n 
= 20; MNI = 12. 
Remarks. Specimens 
variegatus unquestionably 




Otospermophilus, though the two western representatives of 
the subgenus (£. variegatus and S. beecheyi) could not be 
safely distinguished based on isolated teeth. £. 
variegatus, however, is the current local taxon. Rock 
squirrels now occur widely over the Southwest; their primary 
requirement seems to be the presence of rocky habitats. 
Though now abundant locally, s. 
uncommon in the paleofauna (rf = 
variegatus was quite 
.021). It nonetheless 
occurred through most of the sequence. This species had 
been reported from various late Pleistocene sites in the 
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Southwest, including Vulture Cave in the lower Grand Canyon 
of Arizona {Mead, 1981). A putative record from 
McKittrick, Kern County, California {Schultz, 1938), would 
suggest dispersal across the Mohave Desert during the 
Pleistocene. This specimen may have represented the local 
~· beecheyi and should be critically reexamined. 
Spermophilus lateralis {Say) 
squirrel) 
(Golden-mantled ground 
Referred material. 9 R maxillae; 6 L maxillae; 6 RP4; 
5 LP4; 15 RM1-2; 22 LM1-2; 4 RM3; 2 LM3; 7 R mandibles; 8 L 
mandibles; 6 Rp4; 9 Lp4; 15 Rm1-2; 22 Lm1-2; 8 Rm3; 5 Lm3. 
n = 150; MNI = 27. 
Remarks. Identification of Spermophilus lateralis was 
firmly based on well-preserved maxillae with teeth. This 
species was relatively abundant in the upper section of the 
cave. It appeared to have been absent below level 33-34 
{10.1-10.4 m) and was not a prominent part of the fauna 
below 29-30 {8.84-9.14 m) {see fig. 2). S. lateralis is 
now widespread over the montane West where it inhabits open 
pine and fir forests at higher elevations. The nearest 
extant population is in the Spring Mountains of southern 
Nevada about ~O km north-northeast of Kokoweef. It 
apparently occurred more widely during the late Pleistocene 
though an anomalous record from southern Arizona (Colbert, 
1950) has been questioned (Van Devender, pers. comm.). 
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Spermophilus sp. 
Referred material. L maxilla; 3 RP4; 2 LP4; 3 RM1-2; 3 
LM1-2; 9 RM3; 12 LM3; 2 R mandibles; 6 L mandibles; 5 Lp4; 
13 Rm1-2; 18 Lm1-2; 10 Rm3; 14 Lm3. n = 101. 
Remarks. A number of problematic spermophile specimens 
could not be referred to any species, though most or all of 
these probably representea s. townsendii or ~· lateralis. 
M3, ml-2 and m3 specimens were particularly problematic. 
Most M3 and m3 specimens resembled S. townsendii more 
closely than S. lateralis but differed somewhat in size or 
morphology from modern S. townsendii material. 
Faunal and Vegetational History 
The Kokoweef sequence documented overall taxonomic 
stability in the local sciurid fauna during the late 
Pleistocene (see Table 1). The one exception was the 
apparent mid- to late-Wisconsinan introduction of ~· 
lateralis into the vicinity. The sequence did not record 
the significant taxonomic and ecologic change between late 
Pleistocene and modern local sciurid faunas. All taxa 
occurred at the last fossil-rich interval [22-23 (6.71-7.01 
m)] ana abundant taxa were found above this level. 
A chi-square test indicated that changes in frequency 
of n through the sequence (fig. 2) were significantly 
nonrandom for M· flaviventris (X2 = 35.9), ~· townsendii 
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(X2 = 17.63) and §. lateralis (X2 = 32.5) (p < .01, 
expected X2 = 13.28). However, changes in frequency of MNI 
were not significant for any taxon [H. flaviventris (X2 = 
4.20), S. townsendii (X2 = 1.39), s. lateralis (X2 = 
6.47)] even at p < .05 (expected X2 = 9.49). The 
difference in the test results probably resulted from 1) 
the dependence of sample units when using n to estimate 
sample size (one individual may introduce many teeth into 
the sample) and 2) small sample sizes when using MNI, which 
tends to underestimate abundant populations and thus 
differences between populations. Actual change in sample 
size was certainly between these 
probable that at least change in §. 
actual population change due to 
extremes. It seemed 
lateralis reflected 
the strong rejection of 
random change in n and the less strong acceptance of random 
change in MNI. 
General stability was also reflected in a partial 
pollen profile from the Kokoweef sequence (fig. 2), though 
the profile was not complete enough to enable detailed 
reconstruction of local vegetational change. The lowest 
sample was too small for valid quantitative analysis but did 
give qualitive information. The absence of white fir 
(Abies concolor Lindl.) and the relative unimportance of 
pine and juniper seemed anomalous since all three were 
reported from a late Pleistocene woodrat midden on Clark 
Mountain (Mehringer and Ferguson, 1969) a few km from 
Kokoweef. The abundance 
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of Ephedra pollen probably 
indicated local late Pleistocene populations and suggested 
that late Pleistocene local climate was not extremely cold 
or wet. 
DISCUSSION AND SIGNIFICANCE 
A proper interpretation 
required an understanding of 
of the sciurid paleofauna 
possible stratigraphic and 
taphonomic limitations. Since samples were taken from one 
side of the cave, mixing of diachronous strata should have 
been minimal. Nevertheless, time-averaging at each interval 
probably occurred. A significant time lag could have 
occurred between the death of an organism and its inclusion 
in the cave fill due to tttrappingtt of the specimens amongst 
the rock litter or in woodrat middens of the upper cave. 
Specimens from one level may thus have represented 
non-concurrent populations. Since most taxa occurred 
throughout the sequence a limited amount of temporal mixing 
should not have seriously affected faunal interpretation, 
except when considering time of last occurrences. 
The taphonomic history of the cave paleof auna was 
unclear from available data. Some animals probably fell 
into the cave pit, but the distance from the external 
opening to the pit (35 m) suggested this would rarely 
occur. Gnaw marks on some mandibles and long bones gave 
direct evidence of woodrat activity. These rodents only 
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collect within a 100 m radius around their dens (Bleich and 
Schwartz, 1975) and thus have no adverse effect on 
ecological precision. Owls have been implicated in other 
microvertebrate assemblages and may have been involved at 
Kokoweef. Their activity could have sampled a variety of 
habitats due to the significant local relief within a small 
radius from Kokoweef. However, a study of the feeding 
ecology of four owl species in Colorado indicated that 
squirrels were seldom taken as prey items (Marti, 1969). 





habitats associated with the 
reasonable to assume that the 
derived from the cluster of 
Clark Mountain - Mescal Hills 
Ivanpah Mountains area and that the more abundant taxa 
ex. minimus, 
townsendii and s. 
panamintinus, M· flaviventris, S. 
lateralis) probably occurred in the 
immediate vicinity of Kokoweef Peak. 
Five of the eight sciurids identified in the paleofauna 
were currently extralocal taxa (T. 
flaviventris, S. townsendii and ~· 
these had not previously been 
Desert. minim us and ~-
minimus, X· palmeri, M· 
lateralis). Three of 
reported from the Mohave 
townsendii specimens 
documented significant southerly range extensions for both 
taxa. The presence of X· palmeri was not surprising due to 
its present proximity to Kokoweef. This shed little light 
on current questions concerning its systematic 
(Levenson et. al., 1985). 




paleofauna was consistent with the diversity of other late 
Pleistocene faunas. Some workers have inferred an equable, 
mesic Southwestern climatic regime with greater winter 
precipitation than at present (Van Devender and Spaulding, 
1979) from faunal and vegetational composition of late 
Pleistocene communities. This regime would presumably have 
allowed the dispersal of montane species into presently 
unsuitable habitats without having caused concommitant 
local extinction of 
however, that a colder 
xeric taxa. It should 
year-round climate with 
be noted, 
generally 
xeric conditions could also have accounted for the Kokoweef 
sciurid fauna since all represented taxa occur in or 
adjacent to the Great Basin, an area dominated by cold 
winters, cooler summers than the Mohave, and low 
precipitation. Even marmot 
habitats (Hall, 1946); and 
squirrel and Palmer's chipmunk 






woodlands. The essentially modern local late Pleistocene 
lizard fauna (Norell, 1986) probably constrains climatic 
estimates more than the sciurid fauna. 
The abundance of S. townsendii, M· flaviventris, S. 
lateralis and Tamias species in the paleofauna implied very 
local populations and thus suitable local habitat. Late 
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Pleistocene early Holocene pinyon-juniper or juniper 
woodlands associated with sagebrush (Artemisia spp.) have 
been documented at mid elevations (750-1850 m) in southern 
Nevada (Wells and Berger, 1967). Similar xeric woodlands 
possibly with open stands of sagebrush probably occurred in 
the southwest-northeast trending Piute Valley (1400-1590 m) 
adjacent to Kokoweef Peak. These apparently favored Great 
Basin xeric-adapted taxa (S. townsendii and 1· minimus) and 
1· panamintinus over present xeric-adapted dominants (A. 
leucurus and s. variegatus) though S. townsendii and 1· 
minimus currently prefer the open sagebrush of the Great 
Basin. S. tereticaudus was apparently absent from these 
local habitats, contrary to a previous report (Harris, 
1985). 
The local presence of more mesic woodlands likely 
necessary for s. lateralis and favorable for M. 
flaviventris was previously documented on Clark Mountain 
about 15 km north of Kokoweef (Mehringer and Ferguson, 
1969). Limber pine (Pinus flexilus James), bristlecone 
pine (Pinus longaeva Bailey) and white fir were found in 
association with pinyon pine at an elevation of 1910 m as 
recently as 23,600 +/- 950 IBP. Another midden from the 
same locality documented a more 
woodland with occasional white fir 
12,460 +/- 190 IBP. This drier 
remained adequate to support 
xeric pinyon-juniper 
and limber pine at 
woodland apparently 
me sic-adapted sciurid 
populations. 
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An older midden (30,400 +/- 1500 YBP) from 
the Sheep Range of southern Nevada indicated the presence 
of white fir and limber pine as low as 1800 m (Spaulding, 
1977), a site elevation lower than Kokoweef summit. 
The persistence of most sciurid taxa through the 
sequence was consistent with the record of generally stable 
mid-elevation xeric and high-elevation mesic woodlands from 
about 24,000 to 11,000 YBP across the Southwest (Van 
Devender and Spaulding, 1979). Frequency fluctuations 
through the sequence may have represented changes in local 
abundance within this overall stability though the 
discrepancy in chi-square test results cast doubt on this 
hypothesis. The absence of ~· lateralis below 33-34 
(10.1-10.4 m) likely represented local absence or rarity 
and seemed anomalous since adequate forest habitat was 
almost certainly available before then. It was reported as 
early as 27-28,000 YBP at Smith Creek in eastern Nevada 
(Mead et. al., 1982) and should have been able to colonize 
the Kokoweef area along with marmot during full-glacial 
vegetational conditions. 
The local sciurid fauna survived the significant 
climatic changes which apparently occurred about 11,000 YBP 
(Van Devender and Spaulding, 1979) with little or no local 
extinction, implying the relatively late persistence of 
suitable habitat. All three prominent extralocal sciurids 
flaviventris, s. townsendii and ~· lateralis) 
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occurred above level 20.5 (6.25 m), which was associated 
with an early Holocene date (9830 +/- 150 YBP). These 
occurrences must be interpreted cautiously due to the 
time-lag problem noted previously but almost certainly 
represented early Holocene populations. Extralocal 
sciurids may have suffered local extinction during the 
shift to modern desert vegetational communities at about 
8,000 YBP. 
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TABLE 1 Summary of :itratigraphic distribution of sciurid :ipecies from 
Kokoweef Cave. Key: X = extant at Kokoweef; • = extant in Providence 
Houtain region; relative frequency: + = < 10 %; ++ = 10 - 20 %; +++ = 












































































































































Figure 1· Mandibular and M 1-2 size distribution of 
fossil and selected recent chipmunks. M 1-2 areas were 
calculated by multiplying greatest anterior-posterior (L) 
and labial-lingual (W) measurements and do not represent 
exact area. Key: A = I· amoenus, D = I· dorsalis, F = 
fossil specimens, M = I· minimus, Pl = T. palmeri, Pn = I· 
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Figure ~· Local late Pleistocene biotic history as 
reflected in the stratigraphic distribution of sciurid 
specimens and pollen from Kokoweef Cave. Sciurid specimens 
from all levels are represented whereas pollen analysis was 
done only at selected levels (15, 23-34, 26-27, 31.5, 
36-37). Small sample size required grouping of sciurid data 
from some levels. Relative frequencies are plotted at the 
midpoint of sampled interval (all sciurid data and pollen 
data from 23-24, 26-27, 36-37) unless the sample allowed 
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